Carbohydrate residues were localized in the glandular cells of the epidermis of Lumbricus terrestris by lectin histochemistry. The following biotinylated lectins were used: ConA, PNA, WGA, UEA-I. Each lectin has a specific binding pattern in the epidermal glandular cells. The ConA binding is evident in the orthochromatic mucous cells; PNA in the metachromatic mucous cells; WGA in the neuroendocrine-like cells; UEA-I in the cuticle. The epidermal glandular cells possess specific sites for the different lectins in relation to their functional characteristics. Therefore, these sugar residues indicate different behaviours of the cells in epidermal functions related to ion transport, receptor-secretory processes and defence.
INTRODUCTION
The glandular cells in the surface epithelia of invertebrates and vertebrates secrete a mucus composed of sugars and sialic acid residues involved in the reduction of cell pH (Kirschner, 1978) . The glycoconjugates, essential components of the glycoca-173 lyx of many cell types, are involved in many functions including osmoregulation (Kirschner, 1978; Wendelaar-Bonga, 1978; Hughes, 1980; Zaccone et al., 2001 ), cell to cell recognition, binding of hormones, protection of cells from phagocytosis and dehydration (Watt and Jones, 1992) , differentiation, defence (Harris and Hunt, 1973; Fletcher, 1978) and ion transport, as demonstrated in lower vertebrates (Jeanloz and Codington, 1976; Glick and Flowers, 1978) . In some epithelial cells, morphologically and functionally polarized in relation to different behaviours in ion transport (Spicer et al., 1981) , it is possible observe a functional specialization of the glycoconjugates present on the baso-lateral surface; they are acidic, while those of the apical surface are neutral (Pisam and Ripoche, 1976; Fujimoto and Ogawa, 1983) .
Recent studies have revealed a precise regionalization of the glycoconjugates in relation to different distribution of the endogenous receptors for these substances. In lower vertebrates, glycoconjugates with different structures have different polarization patterns (Navas et al., 1987; Zaccone et al., 1987; Villalba and Navas, 1989) .
Specific functions have been rarely attributed to particular mucins produced by annelids. In many stances are thought to act as an ion barrier, because of a selective or buffering ability. In addition, the mucous film absorbs heavy metals and delays their entry into the tegument (Richards, 1978) .
Although the monostratified epidermis of the earthworm Lumbricus terrestris is well defined morphologically, the functional role of some of its specialized cells must still be clarified. In the epidermis of the oligochaete lumbricids, mucous and protein glandular cells are commonly found. However, the characterization of the mucous secretion in the two (orthochromatic and metachromatic) cell types has been investigated only with the conventional histochemical methods. The orthochromatic cells secrete a complex of neutral mucopolysaccharides, proteins and lipids (sulfomucins and glycogen are absent). Moreover, the dense orthochromatic granules, to which has been attributed a lubricating action during locomotion (Richards, 1973) , may also contain a pheromone important in mating. On the contrary, the metachromatic cells produce a carboxylated slightly sulfated mucus, probably of low viscosity, which provides a respiratory film held to the surface of the cuticle by epicuticular projections (Richards 1974 ). It has not been determined if this secretion is equivalent to the non-sulfated mucopolysaccharide fraction identified biochemically and denominated oratine (Richards, 1978) . The third type of glandular cells, called "small granular cells", are rich in proteins and are scattered throughout the epidermis. The secretion of these cells could aid water retention in the acidic mucous film or modify the viscosity of the lubricating mucus (Richards, 1974) . A receptor-secretory function with paracrine action has also been attributed considering these cells as neuroendocrine-like, capable of producing bioactive substances (Licata et al., 1994 (Licata et al., , 1998 (Licata et al., , 2000 . The aim of this study is to characterize the glycoconjugates of the glandular cells of the Lumbricus terrestris epidermis using a battery of four biotinylated lectins and to correlate their binding to the epidermal cells function.
MATERIALS AND METHODS
Local earthworms (L. terrestris) were killed and pieces of epidermis from cephalic, clitellar and 174 and embedded in paraplast. 5µm thick sections were stained by the hematoxylin-eosin (H-E), alcian/blue/PAS (AB/PAS) and Mallory methods. For lectin histochemistry, small tissue pieces were fixed at room temperature for 6h in 4% paraformaldehyde (Merck, Darmstadt), in 0.1 M phosphate buffer, pH 7.2. Tissue was dehydrated in graded ethanols and embedded in paraplast. Sections (5µm thick) were held for 10 min in 3% H 2 O 2 to inhibit the endogenous peroxidase activity and for 5 min in 0.1 M phosphate-buffered saline (PBS), pH 7.2, containing 1% bovine serum albumin (BSA) to reduce background staining. Then the sections were incubated with each of the lectins (20µg/ml) for 30/60 min at room temperature. The lectins used were: concanavalin A (ConA), peanut agglutinin (PNA), wheat germ agglutinin (WGA) and Ulex europaeus agglutinin I (UEA I); these lectins were bound to an avidinbiotin-peroxidase-complex (ABC) and visualized by diaminobenzidine/H 2 O 2 . In control experiments, sections were incubated in the presence of the corresponding inhibitory sugar to test the specificity of lectin binding. At the end of the procedure, the sections were photographed with an Axiophot (Zeiss) photomicroscope (x40 or x63 objectives). The lectins and sugars were obtained from Sigma (St. Louis, MO, USA).
RESULTS
The epidermis of L. terrestris consists of a monostratified epithelium in the cephalic and terminal regions (Fig. 1) , and a pseudostratified epithelium in the clitellar region. In all epidermal regions are present supporting, basal, sensory and glandular mucous cells as reported in previous studies (Richards, 1973 (Richards, , 1974 Licata et al., 1998 Licata et al., , 2000 . The mucous cells (orthochromatic and metachromatic) are mainly present in the clitellar region, while neuroendocrine-like cells are more numerous in the cephalic and terminal regions.
ConA
In the epidermis of the postclitellar (Fig. 2) and terminal (Fig. 3) regions, the binding for this lectin was strong in the cell membranes and the dular cells. Moreover, only the mucus of the orthochromatic cells was positive to this lectin. The other cell types were always negative. In the clitellar region, numerous orthochromatic mucous cells were highly labelled with ConA. The cuticle was weakly labelled as shown in Fig. 3 . The controls incubated with the correspondent inhibitory sugar always gave negative results (Fig. 4) .
PNA
The mucus of the metachromatic glandular cells was only positive in the epidermis of the terminal (Fig. 5) and chephalic (Fig. 6) regions. In the control, the epidermis appeared negative (Fig. 7) 
WGA
This lectin labelled the neuroendocrine-like cells (small granular cells), in the cephalic (Fig. 8) and terminal (Fig. 9) regions. The mucous glandular cells were always negative.
UEA I
This lectin labelled only the cuticle of the entire epidermis (Fig. 10) . The control was negative.
DISCUSSION
The different patterns of the lectins binding observed in this study suggest different functions for glycoconjugates in the various cell types and in the whole epidermis of the earthworm, in addition to that of lubrication. The positivity of the mucus of the orthochromatic cells to ConA, specific for mannose and glucose, and the positivity of the metachromatic cells to PNA, specific for galactose and ß-D-gal(1-3)Nacetylgalactosamine, may be correlated with a possible role of these glycoconjugates in the defence of the epidermis, and in recognition and elimination of pathogenic agents.
In the epidermis of the boar (Tsukise and Yamada, 1981) and fishes (Mittal et al., 1995) , it has been shown that the sulfated glycoconjugates can prevent the proliferation of pathogenic microorganisms. A similar function can be supposed for the mucus produced by the metachromatic cells in the epidermis of the earthworm. A small quantity of sulfated groups in the respiratory epidermis of the earthworm can be considered 175 ascertained in the airways of fishes (Jones, 1977; Reid, 1978) . Thus, these molecules may be part of a defensive system which, in the mucous epithelia of invertebrates, should contribute to protective mechanisms. The binding to PNA in the mucus of the metachromatic cells may indicate an involvement in electrolyte homeostasis, since the glycoconjugates specifically binding this lectin are known to play an important role in this activity (Zaccone et al., 1987) . Diolic groups regulate the integrity and functionality of the membrane receptors in transduction of the transmembrane signal (Shinohara, 1977) .
In the earthworm epidermis, WGA surprisingly labelled the small granular cells that are regarded as neuroendocrine-like cells. The sialic acid and Nacetylglucosamine residues (Alroy et al., 1984; Fischer, 1984; Pino, 1984; Podell and Vacquier, 1984) revealed by WGA contribute to the membrane structural stability (Katsuyama and Spicer, 1977) required for permeability (Quinton and Philpott, 1973 ) and cell to cell interactions. Thus they play an important role in the processes of ion transport, as also emphasized in the epidermis of teleosts (Fasulo et al., 1991) . Their presence in polarized cells also suggest that transcellular transport could be facilitated by complex acidic carbohydrates (Schulte and Spicer, 1985) . Moreover, WGA binding sites in the neuroendocrine cells may be correlated with the release of secretory granule contents which occurs by exocytosis in the paraneuronal cells (Fujita et al., 1988) . Indeed, glycosaminoglycans are also reported in the set of secretory substances produced by neurons and paraneurons (Fujita et al., 1988) . The neuroendocrine-like cells of the earthworm epidermis are characterized by the presence of some bioactive substances (serotonin, endothelin, neuron-specific enolase), cytoskeletal (cytokeratin CK 18) and calcium-binding (S-100) proteins, which are regarded as markers of the diffuse neuroendocrine system (Licata et al., 1994 (Licata et al., , 1998 (Licata et al., , 2000 . These cells with receptive and secretory functions (Fujita et al., 1988) , probably play a regulatory role (with a paracrine modality) on the activity of the mucous glandular cells. It is also argued that, in the clitellum, the proteinaceous secretion of small granular cells interacts with the mucus of the ortho-and metachromatic cells to form a viscoelastic complex.
UEA-I labelling in the cuticle of the entire earthworm body, and ConA and PNA in mucous cells of the clitellum may prevent the uptake of noxious substances during differentiation and the early phases of embryonic development, thus playing a prominent role in host-pathogen relationships.
In the future, efforts must be directed to understanding the functional aspects of the various cell types of the earthworm epidermis.
